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Radioisotope scanning has an established role in the investigation of bone disease and skeletal pain in the adult population. Its role in paediatric practice is not as widely appreciated, yet it has a major part to play in the investigation and follow up of a wide variety of lesions of the skeleton in children, both benign and malignant.
Radiopharmaceuticals
Methylene diphosphanate labelled with technetium (TcMDP) is the radiopharmaceutical predominantly used. It has a reasonable blood and soft tissue clearance with good uptake in bone at about 2 hours following injection (Subramanian et al. 1975) . As the half-life of technetium is 6 hours, images can be achieved at a fairly convenient interval while there is still enough radioactivity to allow fairly rapid acquisition of an image. Part of the administered dose is excreted via the kidneys; reduction of radiation dose to kidneys and bladder can be achieved by encouraging fluid intake and active bladder emptying in the 12 hours following injection.
Bone imaging is occasionally performed using "'Indium-labelled autologous white cells, indium chloride or 67gallium citrate (Peters et al. 1982 , Froelich & Swanson 1984 . All three pharmaceuticals are actively taken up in inflammatory cells. They will, therefore, localize a focus of infection and are used in the detection of a lesion that is negative on methylene diphosphanate (MDP) scanning, or in the detection of reactivation in an old infection which may still show activity due to bone repair on conventional MDP scanning. Gallium is also taken up in malignant tissue. It can be used to detect metastases and has been used for staging of neuroblastomas, although this is not widespread practice.
Sedation and equipment An isotope image takes approximately 3-5 minutes to acquire. It is important that the child remains still while the image is being acquired. It is our preference to use oral sedation where this is indicated, but this must be effective; a half-sedated child is more uncooperative than an alert one. Oral quinalbarbitone in a dose of 7-10 mg/kg given 30-40 minutes before the scans is the sedative favoured by us. This is heavy sedation and, if the scan is done as an outpatient procedure, the child must be kept in hospital until fully awake. High-resolution images are required for successful scanning in children. Coarse matrix digital images are unsatisfactory and should not be used. (Grieff 1980) . A normal scan is dependent on an intact vascular supply to the region and active uptake of the pharmaceutical by osteoblastic activity (Sty et al. 1983, pp 1-2) . Therefore if the blood supply to a bone is cut off, the area will be cold on scanning.
Occult or X-ray-negative wrist trauma
Scaphoid fractures are difficult to diagnose reliably in children as X-ray evidence is frequently absent even with repeat films. Treatment is often instituted on clinical evidence alone. Unnecessary immobilization in plaster should be avoided as it is socially inconvenient and has potential harmful sequelae. Isotope scanning will detect any fracture present within 24 hours of the injury (Rolfe et al. 1981) . It often demonstrates other occult fractures around the wrist and will discriminate between a focal lesion due to a fracture and generalized bruising. Images are taken immediately after injection and again 2 hours later. To avoid unnecessary referrals patients are assessed by a senior doctor in the casualty or orthopaedic department before referral for a scan. Most children are treated expectantly for a week following injury, but if they remain acutely tender and X-ray-negative after that they will be referred for scanning to determine further management.
Stressfractures
Pseudoparesis or sudden onset of limp are not uncommon presenting complaints of toddlers attending casualty departments. The children are often fretful. There are no localizing signs in the limb and there is concern that the symptoms may be due to early osteomyelitis. The differential diagnosis lies between early osteomyelitis, stress fractures or a pulled muscle. Stress fractures are easily detected by scanning and are found in the tibia, fibula or calcaneum (Geslien et al. 1976 , Prather et al. 1977 , Norfray et al. 1980 , Starshak et al. 1984 . They appear as very local areas of increased uptake in the diaphysis at the facture site. They are very focal and, unlike tumours, do not infiltrate the shaft. The diaphyseal location serves to differentiate them from infection, which is metaphyseal. The scan is always viewed together with the X-ray. X-ray evidence of the fracture will usually be seen in 10-14 days, but the early confident diagnosis made on scanning reassures parents and removes the necessity for hospital admission or further investigation.
Compression fractures
These fractures are a potential sequel of falling from a height on to the feet. They are not always easy to see on initial radiographs, particularly in the dorsal area due to overlapping ribs and lung shadows. These fractures, both the main ones and others higher or lower, are easy to detect isotopically and this provides information for accurate prognosis and treatment.
Non-accidental injury The radiographic skeletal survey has been the traditional way to detect occult skeletal injury and to attempt to date fractures. It remains the first diagnostic test in suspected cases in our practice. Radioisotope scanning is more sensitive in the detection of rib fractures than X-rays, particularly in the detection of posterior fractures close to the costovertebral junction which are usually sustained by a squeezing injury (Smith et al. 1980a) . It may also be more sensitive in the detection of metaphyseal fractures than radiographs (Haase et al. 1980 ). In the normal limb there is a sharp demarcation between the intense uptake in the growth plate and metaphysis. Where there has been injury this line flares up the shaft of a long bone.
There is considerable argument in the literature as to the overall sensitivity of the two techniques, i.e. radioisotope scanning and radiological survey (Sty & Starshak 1983 , Merten et al. 1983 ). In our experience we find both techniques have a role as fractures can sometimes be easily overlooked on scanning if they show very little increased uptake. We routinely carry out a radiographic survey first and proceed to scanning in cases where there is strong clinical suspicion with a negative X-ray survey, or where doubtful lesions are shown radiographically.
If the diagnosis based on the X-ray survey and clinical evidence is satisfactory, we do not proceed to scanning even though more fractures may be revealed. The detection of these is not likely to alter clinical management or the social outcome.
Back pain Back pain may be due to traumatic, psychogenic, neurogenic, muscular, infective, disc and bony lesions. It is a difficult symptom to assess in a child but must always be taken seriously especially if accompanied by clinical evidence of neurological deficit or pain. Initial investigation is by clinical assessment, haematology, biochemistry, and X-rays of the affected area. The cause of the pain is frequently found with these measures and no further investigation is necessary. If these prove unhelpful and symptoms persist then radioisotope scanning should be requested. This will often localize the lesion which appears as a hot spot on the scan. Further radiographs, tomographs and, on occasion, biopsy will reveal the cause.
We have found scanning most helpful in spondylolysis and Grade 1 and 2 lystheses; it has little part to play in grosser lesions. A spondylolysis or spondylolysthesis is frequently discovered following minor trauma, but whether it is due to the trauma is impossible to tell. Traumatic spondylolyses are hot on scanning either during the acute phase or during attempted repair. Thus while a lesion remains hot it can be said that attempted repair is taking place and, provided other clinical indications are favourable, one can proceed with conservative management. If the lesion is cold on scanning it can be assumed that attempted repair has ceased and if pain persists this may be an indication for surgical fusion. A scan may be positive in the absence of any radiographic evidence of a fracture. This indicates a stress fracture in the pars which will usually respond to conservative management and rarely, if ever, proceed to subsequent defects and slip.
Routine oblique views should be included in this type of scanning as this localizes the lesion precisely.
Isotope scanning will occasionally identify non-skeletal lesions as the cause of back pain during the course of the bone scan. These will most frequently be renal lesions, and in children unsuspected hydronephrosis is the commonest. Other incidental renal lesions occasionally seen are unilateral agenesis, pelvic kidneys and infantile polycystic kidneys.
Occult tumour
Early signs of tumours may be difficult to detect in the bony mass of the axial skeleton. The detection of a hot spot on scanning may then allow a lesion to be seen in retrospect. This is notoriously true of osteoid osteoma both in the appendicular and axial skeleton (Gilday & Ash 1976 , Smith & Gilday 1980 , Papanicolaou & Treves 1984 . Another occult tumour thus detected is an osteoblastoma. Most others, e.g. eosinophil granuloma, are sufficiently obvious radiologically by the time of clinical presentation not to require scanning for their detection. Scanning, however, will confirm that the lesion is solitary and it should be part of the routine assessment of these lesions.
Sacroiliac lesions
The sacroiliac (SI) joint is another difficult area to assess radiologically as the immature joint is always irregular, wide and often obscured by bowel gas. It is, however, easily assessed by scanning. Anterior and posterior views must be taken. The pelvis must be straight and the images should be accompanied by a computer profile across the joint as minor differences in uptake may not be appreciated on the image. The positive scan is not specific and will be found with infection, trauma, arthritic and neoplastic conditions. The causative lesion will have to be determined by other means. The detection of other skeletal lesions during the same scan may help, however, in determining a neoplastic or rheumatological problem. SI lesions may present with referred pain in the hip. Neoplasm There are three roles for radioisotope scanning in neoplasm (Goldstein et al. 1980 , Levine et al. 1979 : (1) the detection of metastases when there is a known primary; (2) the detection of tumour when radiographic signs are minimal or are difficult to see due to overlapping bone; (3) to give an assessment of the extent of tumour infiltration up a bone prior to amputation if CT is not available. CT is more reliable and it is said that isotope studies overestimate the extent of infiltration (Goldman & Braunstein 1975) .
We routinely scan all children with tumours known to metastasize to bone as part of initial staging, and repeat the scan thereafter as clinically indicated. Extraosseous localization of TcMDP may be seen in lung, liver and soft tissue deposits in Ewing's sarcoma, osteosarcoma, round cell tumours and in neuroblastoma (Young & L'Heureaux 1978 , Siddiqui et al. 1979 , Kirks et al. 1980 . It is also seen in the primary tumour in all calcified neuroblastomas and about half the non-calcified lesions, and can thus provide a positive diagnosis while awaiting vanillylmandelic acid (VMA) results (Smith et al. 1980b , Murray & Greensmith 1978 . Purely destructive lesions may be normal on scanning or, if very extensive, may show as cold spots.
Infection
The role of scanning in acute and chronic infection is different and needs to be discussed separately.
Acute
The signs of infection -localized hyperaemia, tenderness, pain and limitation of movementare often sufficiently diagnostic that decompression by drainage accompanied by antibiotic therapy can be instituted without further investigation. Two clinical dilemmas remain: firstly, is there infection at all? This is a common situation when signs are not diagnostic and the course of the disease has been altered by inadvertent antibiotic treatment given for the fever before the cause has become obvious. The second problem is that of distinguishing simple cellulitis from cellulitis with underlying osteomyelitis, and osteomyelitis from septic arthritis. Antibiotic therapy is required in all conditions, but the surgeon does not wish to open a joint with the potential of introducing infection if the focus is in the metaphysis, or to drill the bone unnecessarily if the infection is in fact in the joint.
Conventional radiographs are seldom helpful in acute infection, but isotope scanning will often help to distinguish these conditions. It is not entirely reliable and there will be an incidence of false-negative scans, but not false-positive ones (Duszynski et al. 1975) . Provided the scans are interpreted knowing that some may prove to be falsely negative, the method has been found very helpful. In all limb scans, images of both limbs are exposed within 5 minutes of injection. The images obtained at this stage provide information on the relative blood flow to the two limbs. Subsequent images are taken 2 to 3 hours later. Comparative images of both limbs are obtained and images are exposed in at least two projections (usually posterior and lateral) to localize a focus, but anterior views are also necessary, particularly in the spine and pelvis. In simple cellulitis, increased uptake is seen in the affected part on the 5-minute images but no localizing focus is present on the delayed image. Some increase in uptake in the growth plates of that limb may be seen -this is due to the increased blood flow to the limb but, as this is evenly distributed throughout the limb, epiphyseal uptake remains straight (Sty et al. 1983, p 11) . In septic arthritis there is increased uptake around the joint in both scan phases but, in contrast to osteomyelitis, there is no focal bone lesion. In osteomyelitis there is increased uptake in both early and later phases, with the area of increased uptake being well defined and matched.
One special aspect of septic arthritis of the hip requires emphasizing. When a cold femoral head is found on scanning this is due to vascular compromise of the head by the raised intra-articular pressure. Prognostically this is very serious, and avascular necrosis of the femoral head is an almost inevitable consequence. Urgent decompression of this joint is required. This ought to be a rare finding as the degree of septic arthritis is usually so clinically obvious that one-does not need to scan. We have only seen it in two children, both of whom had multifocal lesions with septicaemia and septic lung emboli. The presence of a large abscess elsewhere masked the hip problem. The problem is more likely to be seen in immunosuppressed children, children on steroids, or those who have sickle cell disease, when it is difficult to know if symptoms are due to infection or infarction.
False-negative scans are more frequently found in neonates than in any other group of patients and some authors have suggested that scanning in this group is a waste of time (Ash & Gilday 1980 ). The high incidence of false-negative scans is probably due to the fact that many of the infections produce mainly bone destruction with no repair -the lack of osteoblastic activity renders the scan falsely negative. Our policy as regards neonates is similar to our policy with older children: where there is clinical doubt about the presence of a lesion or its localization then we scan. If the scan is positive this provides valuable help. If the scan is negative then clinical and other parameters determine management.
It is important to remember that a scan must never be interpreted in isolation from other information.
Indium chloride and indium-labelled white cells are increasingly being used with very good results in identifying infection and decreasing the incidence of false-negative investigation (Peters et al. 1982) . As labelling techniques become perfected and the availabilty of indium increases, this method of scanning will become more routine as the first scan; but until this happens 99TcMDP will remain the radiopharmaceutical used in most institutions in isotope scanning for infection.
Chronic infection or reactivation When radiographic changes of osteomyelitis are established it is extremely difficult to detect reactivation of infection, as indeed it is clinically difficult to know whether pain in an area of previous infection is due to reactivation or due to another cause. Can scanning help? Under certain circumstances it can. If a lesion that has been previously shown to be normal on scanning subsequently develops a hot spot this provides indirect evidence of reactivation, but it presumes that there has been a normal baseline scan. It is well known that any fracture or previous infection can continue to show as a hot spot for some years following the insult and it is for this reason that the presence of a hot spot alone must not be taken as evidence of infection. A normal scan in this situation is reasonable evidence that there is no infection. White cell scanning has a major role to play in determining the presence or absence of reactivation in chronic infection as it will only be positive when there is infection and should be employed before any more invasive investigation.
Perthes' disease and irritable hip syndrome Isotope scanning provides a reliable method of distinguishing Perthes' disease from the idiopathic irritable hip syndrome and will enable the diagnosis of Perthes' disease to be made even at a stage when the X-rays are normal or only subtly abnormal (Danigelis 1976 , Carty et al. 1984 . Pin-hole images are essential. The classical appearance seen in the femoral head in Perthes' disease is coldness of the lateral two-thirds of the head, but as revascularization of the head and resorption of the sequestrum takes place an intensely hot, flattened, femoral head or a pattern of mixed hot and cold areas in the head may be seen. Thus scanning provides valuable information in a noninvasive way of the state of repair of the avascular necrosis. This information taken together with the clinical state, radiographic and arthrographic appearances forms the basis for decisions about conservative and operative treatment in our hospital. At the present time it would seem that the scan pattern has no significant correlation with the radiographic changes (Fisher et al. 1980 ). In the irritable hip syndrome the joint is either normal and shows equal uptake with the unaffected hip or there is a generalized increase in uptake throughout the affected hip. The appearance is nonspecific and cannot be distinguished from sepsis or juvenile rheumatoid disease. However, the vast majority of children in the problem age group have the idiopathic irritable hip syndrome and nothing more sinister, and in the absence of other evidence may be managed expectantly. Bed rest and traction may be needed in the acute management of both Perthes' disease and the irritable hip syndrome, but scanning will distinguish the problems early, reduce the need for follow-up X-rays and hospital attendances and allow one to give reliable prognostic information at an early stage, thus greatly reassuring parents.
Juvenile arthritis Juvenile arthritis frequently presents with symptoms localized to one joint. This always raises the diagnostic problem of infection versus noninfective inflammatory arthritis. Scanning will not help to distinguish the cause in an isolated joint but silent lesions elsewhere in the skeleton may be detected, the polyarticular nature thus making it more likely that the lesion is noninfective. Scanning will also help to monitor objectively the response to treatment as it will detect decreased activity with decreased inflammation. It can also localize periarticular soft tissue or tendon lesions for steroid injection and the therapeutic response to this.
Scoliosis
Following spinal fusion and instrumentation for the corrections of scoliosis, it is important to know that fusion is complete and that no pseudoarthroses remain. Radioisotope scanning of the spine 18 months postoperatively can be very helpful in assessing this. In the normal patient uptake is even at this time and there are no hot or cold areas. When fusion is incomplete, however, patchy uneven uptake is evident. At the site of a pseudoarthrosis a cold area can be seen, but very high-resolution images are necessary for this.
To prove normality This is one of a miscellaneous group of situations in which bone scanning can prove very reassuring to patients and, on occasion, doctors. Areas of cortical irregularity are a feature of the immature skeleton. These are particularly common around the knee. The radiologist or orthopaedic surgeon not accustomed to seeing many children may be misled by this and report the irregularity as early evidence of tumour, particularly when the child presents with pain. We have occasionally used scanning to prove that what we believe is a normal appearance is just that. Early tumour would be very likely to be hot on scanning. It is sometimes very hard to convince parents that their child referred for biopsy and likely amputation is normal. To be able to show them their child's normal scan contrasted with a tumour scan is the most convincing reassurance.one can give.
Conclusion
The indications for scanning and the lesions discovered are numerous. Scans must always be viewed with radiographs, other imaging techniques and clinical parameters, and never viewed in isolation if they are to prove helpful in management. Useful scans of children will only be obtained with meticulous attention to detail, modern cameras capable of producing high resolution images and imaging actually carried out by radiographers and other technicians accustomed to dealing with and managing children.
